Gastric pneumatosis is an imaging finding defined as the presence of gas foci in the gastric wall. In humans, this imaging feature can result from one of two separate clinical entities: life-threatening emphysematous gastritis or clinically benign gastric emphysema. This retrospective case series study describes the clinical and imaging features in five animals diagnosed with spontaneous gastric pneumatosis without gastric dilatation-volvulus. Three canine and two feline cases of spontaneous gastric pneumatosis were identified on radiographic and ultrasonographic examinations. In addition to gastric pneumatosis, one dog and two cats presented concomitant systemic signs such as lethargy, hematemesis, anemia, or leukocytosis. Two dogs remained asymptomatic or presented mild gastrointestinal signs. Portal gas was described in two dogs and one cat, and pneumoperitoneum in one dog. These features were not considered clinically significant. The dog and two cats with systemic signs were euthanized due to clinical deterioration and diagnosed with emphysematous gastritis. The gastric pneumatosis of both dogs without systemic signs resolved while on medical management without antibiotic therapy. These latter cases were interpreted as consistent with gastric emphysema. Findings from the current study indicated that gastric pneumatosis can occur without gastric dilatation-volvulus in cats and dogs and that a combination of clinical and imaging characteristics may help to differentiate between potentially life-threatening emphysematous gastritis and relatively benign gastric emphysema. More studies are needed to determine the etiology and risk factors associated with these conditions.
INTRODUCTION
Gastric pneumatosis is defined as the presence of gas foci in the gastric wall. 1 This entity remains an imaging finding rather than a definitive diagnosis and can be divided into two separate clinical entities: emphysematous gastritis and gastric emphysema, both with similar imaging features. 1, 2 In humans, emphysematous gastritis is a life-threatening disorder triggered by the presence of gas-forming organisms in the gastric wall and can lead to acute abdominal pain, hematemesis, pyrexia, leukocytosis, and sepsis. It is generally caused by a local infection through a mucosal defect but hematogenous dissemination to the stomach is also possible. 3 On endoscopy, erosive mucosa and wall necrosis are commonly found in half of the patients, who may require gastrectomy. 2 Ischemia can be caused by vascular occlusion, gastric infarction, or gastric volvulus. 1 Conversely, gastric emphysema is defined as air trapping within the gastric wall due to a traumatic rupture of the gastric mucosa. 2 Patients do not generally present with an acute abdomen and wall necrosis is a rare finding. 2, 3 Importantly, it is typically asymptomatic and resolves spontaneously. Several underlying etiologies of gastric emphysema have been identified in humans such as gastric distension, gastric neoplasia, or intestinal obstruction. A direct injury to the mucosa or mucosal tearing due to increased intraluminal pressure has been suggested. 2 The stomach remains an uncommon site of pneumatosis due to its abundant vascular supply, acidic pH, and efficient mucosal barrier. 2, 3 Over the last 35 years of small animal veterinary literature, two feline cases and a single canine case of spontaneous gastric pneumatosis have been reported without gastric dilatation-volvulus. [4] [5] [6] Other digestive sites can be affected, such as pneumatosis coli being 136 c 2018 American College of Veterinary Radiology Vet Radiol Ultrasound. 2019;60:136-144. wileyonlinelibrary.com/journal/vru previously described in one dog, and resolving with dietary and antibiotic therapy. 7 Aims of the current study were to describe the clinical and imaging characteristics of gastric pneumatosis in a group of dogs and cats and to determine whether any of these characteristics could potentially be used to differentiate life-threatening emphysematous gastritis from benign gastric emphysema.
METHODS
The study design was a retrospective descriptive case series. The database of the Hospital for Small Animals of the University of Edinburgh was searched for dogs and cats that were diagnosed with gastric pneumatosis during the period January 2017 to January 2018.
Permission to use clinical and diagnostic imaging data for research was provided through informed consent from the owners at the time of admission. Criteria for inclusion in the current study were diagnostic quality ultrasonographic images, available gastric histology, or resolution of the gastric pneumatosis on subsequent ultrasonographic examinations (performed by the same operator), complete patient history, and available hematology and serum biochemistry analyses.
All decisions for study inclusion or exclusion were made based on a consensus of the first author (final year small animal imaging resident; F.T.) and a board-certified veterinary radiologist (T.L.). The diagnosis of gastric pneumatosis was based on detection of diffuse intramural gas on ultrasonography by the first author under the direct supervision of a board-certified veterinary radiologist (T.L.). At the time of ultrasonographic examination, both observers were aware of the presenting clinical signs. Diagnosis of emphysematous gastritis was based on gastric histology, or if not available, on the presence of gastric pneumatosis and systemic abnormalities such as lethargy, pyrexia, hematemesis, leukocytosis, anemia, or hypoalbuminemia. The presumed diagnosis of gastric emphysema was based on the absence or mild presence of gastrointestinal signs and absence of systemic abnormalities.
Age, sex, clinical signs, radiographic, ultrasonographic, histological, bacteriological results, and outcome were retrospectively recorded by the first author (F.T.) and this observer was aware of final diagnosis at the time of data recording.
RESULTS

Clinical findings
A total of three dogs and two cats met the inclusion criteria. Animals were 1 to 13 years old. Two of the three male and both female patients were neutered. The breed distribution included a Miniature Schnauzer, Fox Terrier, and Dachshund, and two Domestic Shorthaired cats.
Clinical signs and systemic abnormalities are summarized in Table 1 . Three cases (dog 1, cats 1 and 2) presented with systemic clinical abnormalities such as lethargy (3/3), anorexia (2/3), anemia (presumptively resulting from gastrointestinal blood loss) (2/3), neutrophilia (indicative of an active inflammatory process) (2/3), and were diagnosed with emphysematous gastritis. These animals showed gastrointestinal signs such as hematemesis (2/3) and/or diarrhea (2/3).
One case had elevated feline pancreas-specific lipase, consistent with pancreatitis (cat 1). Hypoalbuminemia was documented in all three severely affected animals with emphysematous gastritis and may be explained by an acute inflammatory state, possibly combined with loss via the gastrointestinal tract.
Two patients (dogs 2 and 3) presented none (1/2) to only mild gastrointestinal signs (1/2) with no evidence of systemic abnormality. Presenting complains included the presence of perianal masses in one dog and diarrhea with mild hematochezia in the other one. Physical examination was unremarkable on presentation in both animals apart from the presence of perianal masses in dog 2. Hematology and serum biochemistry were unremarkable apart from elevated hepatic enzymes and borderline results for a quantitative pancreatic lipase immunoreactivity assay in both animals. Both dogs were staged for oncological purposes. Dog 2 was diagnosed with hepatoid gland adenoma, pancreatitis, and iatrogenic Cushing's disease secondary to corticosteroid therapy for atopic dermatitis. Dog 3 was eventually diagnosed with urothelial carcinoma on histology after cystoscopic biopsies, and was followed for chemotherapy and restaging purposes. Note. WBC, white blood cell count; RBC, red blood cell count; cPLI, canine pancreas-specific lipase; fPLI, feline pancreas-specific lipase; COB, cobalamin; FOL, folate.
Ultrasonographic and radiographic findings
On abdominal radiography performed in three patients, there was moderate gastric distension by fluid and gas associated with gastric wall thickening ( Figures 1A and 2A) . Intramural gastric gas lucencies were described on radiography in two of three animals, with a cystic appearance in dog 1 ( Figure 1A ) and a streaky appearance in cat 1
( Figure 2A ).
Treatment and outcome
All animals diagnosed with emphysematous gastritis were euthanized due to clinical deterioration. A single animal transiently improved on antibiotic therapy (cat 1). Clinical and ultrasonographic improvement of gastric pneumatosis was achieved in 48 h in this animal ( Figures 2D and 2E ). Intensive medical management was continued over a 3-month period but euthanasia was performed at the referring veterinarian due to relapse of clinical signs. Three patients had been treated with corticosteroids prior to diagnosis (dog 1 and 2, cat 1).
Animals presumptively diagnosed with gastric emphysema were treated with standard doses of antacids, antiemetic, and gastroduodenal mucosal protectants, without antibiotic therapy. Complete resolution of the gastric pneumatosis was confirmed on follow-up ultrasonography, 1 week (dog 3, Figure 4B ) and 1 month later (dog 2, Figure 3B ), with no relapse of the presenting clinical signs, respectively, 6 and 7 months after diagnosis. Both dogs were followed at the small animal referral hospital during this period for reasons unrelated to the gastric pneumatosis.
Postmortem histology and bacteriology
Postmortem examinations were performed in dog 1 and cat 2. Grossly, the gastric mucosa had a bubbly appearance. In dog 1, the portal Gastric pneumatosis might be more prevalent than what is currently reported in the veterinary literature. The five cases of gastric pneumatosis described in this report were diagnosed in the same hospital over a 10-month period. An improved awareness of the imaging features could be helpful for improving diagnosis in future patients. Because this was a criterion for inclusion in the study, all five cases had ultrasonographic evidence of gas in the gastric wall.
It was notable that gas was present in more than half of the entire gastric wall area in all cases. In the authors' experience, this feature could be helpful for differentiating gastric pneumatosis from focal gastric ulceration. While focal gastric ulceration can also present with intraparietal gas, wall thickening, and loss of layering, 8 these changes would be less likely to appear as diffuse as those seen in the current cases with gastric pneumatosis. Gastric distension was detected in four of our cases, which could possibly have caused mucosal damage.
The presence of intramural gastric gas is commonly seen in cases with gastric dilatation-volvulus but is not considered to be a good predictor of wall necrosis on surgery. 9 Gastric pneumatosis in cases with gastric dilatation-volvulus may more likely represent gastric emphysema due to increased luminal pressure and mucosal tearing rather than wall necrosis and bacterial colonization. 9 Most of the recent publications in human medicine agree on the similar radiographic appearance of emphysematous gastritis and gastric emphysema. 2, 10 The streaky or cystic appearance did not appear to differentiate both disorders in the dogs and cats sampled in the present study. There was a smaller amount of intramural gas detected in the patients diagnosed last (dog 3 and cat 2), likely resulting from an earlier diagnosis due to an increased suspicion index triggered by the first three cases. This was confirmed on histology for cat 2. On ultrasonography, total loss of the gastric wall layering was noted in two cases, while altered layering was described in the other three. The ultrasonographic gastric wall measurements performed in dog 1 and cat 1 were likely underestimated due to difficulty in distinguishing the interface between the gastric wall and gastric lumen because of gas artifact. Three of the cases reported here had concurrent extrahepatic and intrahepatic portal gas, which has also been recently reported in a dog due to colonic ulceration. 11 In human literature, portal gas is not considered a poor prognostic factor for gastric pneumatosis, which also appears to be the case in the present study. 1 Intramural gastric gas can diffuse into the gastric vascular supply before being drained by the portal vascular bed, which was not clinically significant in dog 3.
Evidence of pneumoperitoneum was described in dog 2 and likely resulted from gas diffusion from the gastric wall to the peritoneum.
There was no evidence that the pneumoperitoneum was clinically significant. Pneumoperitoneum has also been reported in human patients with gastric emphysema and is not considered to be a characteristic warranting surgery. 1, 12 In human medicine, nonsteroidal and steroidal anti-inflammatory drugs have been identified as risk factors for emphysematous gastritis. 2, 13 Two animals (dog 2 and cat 1) described in this report
were on a long course of prednisolone, and one of these had a final diagnosis of emphysematous gastritis. In addition, two cases received short courses of either steroidal (dog 1) or nonsteroidal (cat 2) antiinflammatories, both having a final confirmed diagnosis of emphysematous gastritis. Previous abdominal surgery has been identified as a risk factor for emphysematous gastritis in humans, which may have predisposed cat 2. 2,14 Pancreatitis has also been described as a risk factor for emphysematous gastritis, which could have been a predisposing factor for cat 1. 3 Medical management with antibiotics has successfully been reported in some human patients. 14 Diagnosis of emphysematous gastritis and treatment in the acute phase is essential due to the associated severity and high mortality rate. 2 Early recognition of the disease may therefore provide the best chance of survival. Among the three cases of emphysematous gastritis described in this study, a single patient improved with immediate medical management. In the authors' opinion, surgery should be recommended if there is evidence of gastric wall necrosis on endoscopy, usually characterized by areas of white, yellow, or brown tissue, as well as presence of green-black exudate. 15 In a previously described feline case report, partial gastrectomy was performed due to evidence of necrosis during surgery. 5 In human medicine, the intraluminal gastric pressure is relieved via nasogastric decompression. Lactobacillus minitus from the stomach. 5 In another feline case report, Clostridium perfringens type A was isolated and associated with wall necrosis on histology. 6 In the current study, culture of the gastric wall in cat 2 yielded S. felis and E. faecalis. Staphylococcus felis is a coagulase-negative bacterium, part of the normal commensal flora of the feline skin and saliva and to the best of the authors' knowledge, has never been isolated previously from the stomach. It has however been associated as a pathogen in lower urinary tract disease, otitis, and dermatitis. 18, 19 It is therefore possible that S. felis and E. faecalis were responsible pathogens for the development of the emphysematous gastritis in this patient, although contamination cannot be excluded and more cases would be required to evaluate this. In any case, this highlights the potential usefulness of gastric culture in cases of gastric pneumatosis.
The current study was limited in that a definitive diagnosis was only available for two of the patients. Invasive procedures, such as gastric biopsy or culture, were considered not to be justifiable in the remaining three patients, given the asymptomatic presentation in dogs 2 and 3, and the clinical improvement with supportive treatment in cat 1. The study was also limited in that the small number of cases for each group did not permit statistical comparisons.
In conclusion, findings from the current study indicates that gastric 
